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REMOVAL OF PHOTORESIST AND RESIDUE FROM SUBSTRATE 
USING SUPERCRITICAL CARBON DIOXIDE PROCESS 

RELATED APPLICATIONS 

This application is a continuation-in-pait of co-pending U.S. Application No. 
09/389.788. filed September 3. 1999, which is a continuation of co-pending U.S. 
Application No. 09/085,391, filed May 27. 1998, which claims priority from U.S. 
Provisional Application No. 60/047,739, filed May 27, 1997. all of which are 
incorporated by reference. 

This application also claims priority from U.S. Provisional Patent Application 
No. 60/1 63, 1 1 6, filed on Nov. 2, 1999. U.S. Provisional Patent Application No. 
60/163,120, filed on Nov. 2, 1999, and U.S. Provisional Patent Application No. 
60/199.661, filed on Apr. 25, 2000, all of which are incorporated by reference. 

FIELD OF THE INVENTION 

The present invention relates to the field of removal of photoresist and residue 
from a substrate. More particularly, the present invention relates to the field of removal 
of photoresist and residue from a substrate using supercritical carbon dioxide. 

BACKGROUND OF THE INVENTION 

Semiconductor fabrication uses photoresist in ion implantation, etching, and 
other processing steps. In the ion implantation steps, the photoresist masks areas of a 
semiconductor substrate that are not implanted with a dopant. In the etching steps, the 
photoresist masks areas of the semiconductor substrate that are not etched. Examples 
of the other processing steps include using the photoresist as a blanket protective 
coating of a processed wafer or the blanket protective coating of a MEMS (micro 
electro-mechanical system) device. 

Following the ion implantation steps, the photoresist exhibits a hard outer crust 
covering a jelly-like core. The hard outer cnist leads to difficulties in a photoresist 
removal. 

Following the etching steps, remaining photoresist exhibits a hardened character 
that leads to difficulties in the photoresist removal. Following the etching steps, 
photoresist residue mixed with etch residue coats sidewalls of etch features. Depending 
on a type of etching step and material etched, the photoresist residue mixed with (he 
etch residue presents a challenging removal problem since the photoresist residue 
mixed with the etch residue often strongly bond to the sidewalls of the etch features. 

Typically, in the prior art, the photoresist and the photoresist residue are 
removed by plasma ashing in an O2 plasma followed by stripping in a stripper bath. 

FIG. I illustrates an n-p-n FET (field effect transistor) structure 10 subsequent 
to an ion implantation and prior to a photoresist removal. The n-p-n FET structure 10 
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Note that the first residue (FIGS. 2 and 3) and the second residue (FIG. 3) are 
worst case scenarios. Depending upon a specific etch process, the first residue or the 
second residue might not be present. 

FIG. 4 illustrates a metal line structure 70 subsequent to a metal RE etch and 
prior to a residue removal. The metal line stiucmre 70 includes a second TiN layer 72 
on a second Al layer 74 which is on a second Ti layer 76. The second TiN layer 72, the 
second Al layer 74, and the second Ti layer 76 form a metal luie. The second Ti layer 
76 contacts a W via 78, which in tum contacts the first Al layer 38. The W via 78 is 
separated firom the first SiOj layer 34 by a sidewall hairier 80. A third residue, which 
comprises a halogen residue 82 mixed with metal etch residue 84, lies on the exposed 
surface 50 of the first SiOi layer 34. The third residue, which comprises the halogen 
residue 82 and the metal etch residue 84, also lies on a second exposed surface 86 of the 
second TiN layer 72. A fourth residue, which comprises a combination of the 
photoresist residue 42 mixed with metal etch residue 84, coats sides 88 of the metal 
line. Skirts 90 of the fourth residue extend above the second exposed surface 86 of the 
second TiN layer 72. In the prior art, the photoresist residue 42, the halogen residue 82, 
and the metal etch residue 84 are removed using the plasma ashing and the stripper bath 
ofthe prior art 

FIG. 5 illustrates a dual damascene structure 1 00 of the prior ait subsequent to a 
dual damascene RI£ etch and prior to the photoresist and photoresist residue removal. 
The dual damascene structure 100 includes a dual damascene line 102 fomied above a 
dual damascene via 1 04. The dual damascene line 102 is etched through a second SiO^ 
layer 106 and a first SiN layer 108. The dual damascene via 104 is etched through a 
third Si02 layer 1 1 0 and a second SiN layer 1 12. The dual damascene via is etched to 
an underiying Cu layer 114. 

In processing subsequent to the photoresist and residue removal, exposed 
surfaces of the dual damascene line and via, 102 and 104, are.coated with a hairier layer 
and then the dual damascene line and via, 102 and 104, are filled with Cu. 

Returning to FIG. 5, a fifth residue, which comprises the photoresist residue 42 
mixed with the SiOj etch residue 44, coats line sidewalls 1 1 6 and via sidewalk 1 1 8. A 
sixth residue, which comprises the photoresist residue 42 niixed with SiN etch residue 
120, coats the fifth residue. A seventh residue, which comprises the photoresist residue 
42 mixed with Cu etch residue 1 22, coats the sixth residue. The photoresist 48 remains 
on a second exposed surface of the second Si02 layer 106. In the prior art, the 
photoresist 48, the photoresist residue 42, the Si02 etch residue 44^ the SiN etch residue 
120, and the Cu etch residue 122 are removed by the plasma ashing and the strippo* 
bath of the prior ait 

Note that the fifth, sixth, and seventh residues are worst case scenarios. 
Depending upon a specific etch process, the fifth, sixth, or seventh residue might not be 
present. 
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What is needed is a method of removing residue from a substrate in which 
features are etched into a spin-on polymer \ow dielectric constant material. 

SUMMARY OF THE INVENTION 

The present invention is a method of removing photoresist and residue from a 
substrate. Typically, the photoresist-or the photoresist and the residue, or the residue- 
remains on the substrate following a preceding semiconductor processing step such as 
ion implantation or etching. The method begins by maintaining supercritical carbon 
dioxide, an amine, and a solvent in contact with the substrate so that the amine and the 
solvent at least partially dissolve the photoresist and the residue. 

Preferably, the amine is a secondary amine or a tertiary amine. More 
preferably, the amine is the tertiary amine. Even more preferably, the amine is selected 
from the group consisting of 2-(methylamino)ethanol, PMDETA, triethanolamine, 
triethylamine, and a mixture thereof. Most preferably, the amine is selected from the 
group consisting of the 2-(methylamino)ethanol the PMDETA, the triethanolamine, 
and a mixture thereof. Preferably, the solvent is selected from the group consisting of 
DMSO, EC, NMP, acetylacetone, BLO, acetic acid, DMAC, PC, and a mixture thereof 

Next, the photoresist and the residue are removed from the vicinity of the 
substrate. Preferably, the method contmues with a rinsing step in which the substrate is 
rinsed in the supercritical carbon dioxide and a rinse agent Preferably, the rinse agent 
is selected from the group consisting of water, alcohol, acetone, and a mixture thereof. 
More preferably, the rinse agent is a mixture of the alcohol and the water. Preferably, 
the alcohol is selected from the group consisting of isopropyl alcohol, ethanol, and 
other low molecular weight alcohols. More preferably, the alcohol is the ethanol. 

In a first alternative embodiment, the amine and the solvent are replaced with an 
aqueous fluoride. In a second alternative embodiment, the solvent is added to the 
aqueous fluoride of the furst alternative embodiment In a third alternative embodunent, 
the amine is added to the aqueous fluoride and the solvent of the second alternative 
embodiment 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates an n-p-n FET structure of the prior art subsequent to an ion 
implantation and prior to a photoresist removal. 

FIG. 2 illustrates a first via structure of the prior art subsequent to an RIE etch 
and prior to a photoresist and residue removal. 

FIG. 3 illustrates a second via structure of the prior axt subsequent to the RIE 
etch and prior to the photoresist and residue removal. 

FIG. 4 illustrates a metal line structure of the prior art subsequent to the RIE 
etch and prior to a residue removal. 
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The preferred embodiment o.f the present invention removes the photoresist and 
the residue from the wafer using supercritical carbon dioxide, an amine, and a solvent 
Preferably, the amine is selected from the group consisting of a secondary amine and a 
tertiary amine. More preferably the amine is the tertiary amine. Even more preferably, 
the amine is selected from the group consisting of 2-(melhylaraino)ethanol, PMDETA 
(pentamethyldiethyleneuiamine), iriethanolamine, triethylamine, and a mixture thereof. 
Most preferably, the amine is selected from the group consisting of 2- 
(methylamino)ethanol, PMDETA, triethanolamine, and a mixture thereof Preferably, 
the solvent is selected from the group consisting of DMSO (dimethyl sulfoxide), EC 
(ethylene carbonate), NMP (N-methyl-2- pyirolidone), acetyl acetone, BLO 
(butyrolactbne), acetic acid, DMAC (N,N'-dimethylacetamide), PC (propylene 
carbonate), and a mixture thereof More preferably, the solvent is selected from the 
group consisting of DMSO, EC, NMP, acetyl acetone, BLO, glacial acetic acid, and a 
mixture thereof 

The preferred method of the present invention is illustrated as a block diagram 
in FIG. 6. The preferred method 200 begins by placing the wafer, with the photoresist 
and the residue on the wafer, within a pressure chamber and sealing the pressure 
chamber in a first process step 202. In a second process step 204, the pressure chamber 
is pressurized with carbon dioxide until the carbon dioxide becomes the supercritical 
carbon dioxide (SCCO2). In a third process step 206, the supercritical carbon dioxide 
carries the amine and the solvent into the process chamber. In a fourth process step 
208, the supercritical carbon dioxide, the amine, and the solvent are maintained in 
contact with the wafer until the photoresist and the residue are removed from the wafer. 
In the fourth process step 208, the amine and the solvent at least partially dissolve the 
photoresist and the residue. In a fifth process step 210, the pressure chamber is 
partially exhausted. In a sixth process step 212, the wafer is rinsed. In a seventh 
process step 214, the preferred method 200 ends by depressurizing the pressure 
chamber and removing the wafer. 

The preferred supercritical processing system of the present invention is 
30 illustrated in FIG. 7. The preferred supercritical processing system 220 includes a 

carbon dioxide supply vessel 222, a carbon dioxide pump 224, the pressure chamber 
226. a chemical supply vessel 228. a circulation pump 230, and an exhaust gas 
collection vessel 234. The carbon dioxide supply vessel 222 is coupled to the pressure 
chamber 226 via the carbon dioxide pump 224 and carbon dioxide piping 236. The 
35 carbon dioxide piping 236 includes a carbon dioxide heater 238 located between the 

carbon dioxide pump 224 and the pressure chamber 226. The pressure chamber 226 
includes a pressure chamber heater 240. The circulation pump 230 is located on a 
circulation line 242, which couples to the pressure chamber 226 at a circulation inlet 
244 and at a circulation outlet 246. The chemical supply vessel 228 is coupled to the 
40 circulation line 242 via a chemical supply line 248, which includes a first injection 
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pump 249 A rinse agent supply vessel 250 is coupled to the circulation line 242 via a 
n«sesupplyhne252. Which includesasecondinject.onp^^ 
^ect.o„ve.el234iscoupIedtothepressurech™^^^ 

254. ltwU,bereadilyapparentU.onesldDedinthea«tha,theprefJsupL^^^^ 

pmc«sn,g system 220 indudes valving. contn>l elect^nics. fih^^ 

which are typ.cal of superrriUcal fluid processing systems. ^ 

"«''"l''^'^ilyappaienttooneskilledintheartthatadditionalchcmical 
upplyvesselscouldbecoupled to the first injectionpump249or that 
che,r..cal supply vessels and additional injection pumps could be coupled to the 
circulaiion line 242. 

'^[«^"g'°bothHGS.6and7Jn,pleme„tationpftheprefe^^ 

beg.ns«.t thefirstprocessstep202.inwhichthewafer.havingthcphotoresistor.he 

n».dueorboththephotoresistandtheresidue.isp.acedi„awaferca^ty256^r 
pressure chamber 226 and. then, the pressure chamber 226 is sealed. In the second 

224«.ththecarbond,ox,defh,m,hecarbondioxidesupplyvessel222. DuringL 
seco^step204..hecarbo„dioxideisheatedbythecarbondioxideheater238wl 

emperatureofthecarbondioxidei„thepressurechamber226isaboveacritical 
emperature. The criUcal temperature for the carbon dioxide is 3 1 -C. Preferably the 
.mperan^ofUiecarbondioxidei^ 

■C to 75 C. Altemafvely. the temper^^re of the carbon dioxide in the pressure 
chamber 226 is maintained within a range of from 31 to about 100 'C 

Upon reaching initial supercritical conditions, the first injection pump 249 

cITk ^ ^'^'^^ ^""P'y 228 into the pressure 

chamber226v,athecircuh«ionHne242whilethecarbon dioxide pump fi«her 
pressurizes the supercritical carbon dioxide in the thiri process step 206 Once a 

desrreclamountofthearnineand the solvent hasbeenpumped into thep^ssure 
^ber 226 and desired super.:ritical conditions are reached, the carbon dioxide pump 
^4stopspressunzingthepres^^^ 

mthefourthprocessstep208. By circulating the supercritical carbon dioxide, the 
amme.andthesolvent,thesupercriticalcarbondioxidemaint«^ 

aW«jt rn contact with the wafer. Additionally.bycirculatingthe^^^^ 
^ox.d,^eamrne..d.hesolvenUfluidfl^ 
and the residue fi-om the wafer. 

P«f«^ly.'hewaferisheldstationaryinthepressurechamber226duringthe 
fo^pnKe«.ep208. Al.ernatively.the wafer isspun within thepr^^^^ 
226 dunng the fourth process step 208. 
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After the photoresist and the residue has been removed from the wafer, the 
pressure chamber 226 is partially depressurized by exhausting some of the supercritical 
carbon dioxide, the amine, the solvent, removed photoresist, and removed residue to the 
exhaust gas collection vessel 234 in order to return conditions in the pressure chamber 
226 to near the initial supercritical conditions in the fifth process step. 2 10. 

In the sixth process step 2 1 2, the second injection pump 253 pumps a rinse 
agent from the rinse agent supply vessel 250 into the pressure chamber 226 via the 
circulation line while the caibon dioxide pump 224 pressurizes the pressure chamber 
226 to near the desired supercritical conditions and, then, the circulation pump 230 
circulates the supercritical caibon dioxide and the rinse agent in order to rinse the 
wafer. Preferably, the rinse agent is selected from the group consisting of water, 
alcohol, acetone , and a mixture thereof. More preferably, the rinse agent is the mixture 
of the alcohol and the water. Preferably, the alcohol is selected from the group 
consisting of isopropyl alcohol, ethanol, and other low molecular weight alcohols. 
More preferably, the alcohol is selected from the group consisting of the isopropyl 
alcohol and the ethanol. Most preferably, the alcohol is the ethanol. 

Preferably, the wafer is held stationaiy in the pressure chamber 226 during the 
sixth process step 212. Alternatively, the wafer is spun within the pressure chamber 
226 during the sixth process step 212. 

In the seventh process step 214, the pressure chamber 226 is depressurized, by 
exhausting the pressure chamber 226 to the exhaust gas collection vessel 234 and» 
finally, the wafer is removed from the pressure chamber 226. 

The preferred timeline of the present invention is graphically illustrated in FIG. 
8. The preferred timeline 260 indicates the preferred method 200 as a function of time 
and also indicates pressure 262 as a function of the time. It will be readily apparent to 
one skilled in the art that the time axis in FIG. 8 is only illustrative and as such does not 
indicate relative time periods to scale. Ideally, of course, all times would be minimized 
within reason to obtain an economical and efficient processing method. 

Prior to an initial time to, the wafer is placed within the pressure chamber 226 
and the pressure chamber is sealed in the first process step 202. From the initial time to 
through a first time t, to a second time tj, the pressure chamber 226 is pressurized in the 
second process step 204. The pressure chamber reaches critical pressure P^ at the fust 
time t,. The critical pressure P^ for the supercritical caibon dioxide is 1,070 psi. 
Preferably, the amine and the solvent are injected into the pressure chamber 226 
between the first time t, and the second time t2 in the third process step 206. Preferably, 
an amine and solvent injection begins upon reaching about 1 100-1200 psi. 
Alternatively, the amine and the solvent are injected into the pressure chamber around 
the second time tj or after the second time tj. The pressure chamber reaches an 
operating pressure P^, at the second time tj. Preferably, the operating pressure P^p is 
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2.8M pi Alu^ivcly. ft, opm.»8 p,.»»„ i, 
i.070psi to about e.OOOpsi. 
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more orUie exhausts can be a Ml exhaast. 

Ttep„re™l„„,.„„e260e«,U„„estad,.«x*p,ocesss^,2,2wi«ri„ai« 
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^«P 212 bn.«s ™* a «e„„d p^.„ ^-^^ 

*.s».h„me,„a«,art,fae,. P,afe,aW,,(,,i,^ 
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the seventh process Step 210. «H<"ioi 
'embodiment of the preseminv^^^^ 

caAond.o.de.theamine. the solvent, and theaqu^^^^ 

»dth.^due.Prefeob.y.theaqueousfluondeisselectediro.the^^^ 
b^and fluoride acids. Morepref«.b.y..hea,„eousfluorideissc.^^^^^^^ 
g^^up co™;.st„,g of aqueous anmK,™™ fluoride (aqueous NH,F). and aqueous 
hydrofluoric acid (HF). ^ 

^^fi^'altemativeembodimcntisusefulwhenatlcastaportionofthe 

photoresist oraportonoftheresidueis^edfromasilicon dioxide^ 
^2--fluondeu„dercutstheSi0.sur^ef™„t^^ 

^^tly etch^g theSiO, surface. While theaqueous fluoride is useiWin^^^^ 
^r^tstortheresiduefo^theSiO^surfaceofthew^^^^ 

-notbeusejiwhenthewaferincludesanexposedaluminu.^ ^sisbecause 
the aqueous fluoride will n^idly ^ exposed aluminun, lay^ 
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A second alternative embodiment of the present mvention adds additional water 
to the first alternative embodiment. The additional water enhances the first alternative 
embodiment because the photoresist is hydrophillic while the SiO} surface is 
hydrophobic. Thus» the additional water separates the photoresist from the SiO^ 
surface. 

A third alternative embodiment of the present invention uses the supercritical 
carbon dioxide and the aqueous fluoride to remove the photoresist and residue. In the 
third alternative embodiment, the amine is not used and the solvent is not used. 

A fourth alternative embodiment of the present invention adds the additional 
water to the supercritical carbon dioxide and the aqueous fluoride. 

A fifth alternative embodiment of the present invention adds the solvent to the 
third alternative embodiment 

In a first alternative timeline, the fourth process step 208 is perfomied at an 
initial cleaning pressure and a final cleaning pressure. Preferably, the initial cleaning 
pressure is about the 1,100-1,200 psi and the final cleaning pressure is about the 2,800 
psi. At the initial cleaning pressure, a first solubility of some of the chemicals is lower 
than a second solubility at the final cleaning pressure. During an initial cleaning phase 
which takes place at the initial cleaning pressure, lower solubility chemicals condense 
on the wafer. This provides greater concentration of the lower solubility chemicals on 
the photoresist and the residue and, thus, enhances separation of the photoresist and the 
residue from the wafer. Diiring a final cleaning phase which takes place at the final 
cleaning pressure, the lower solubility chemicals either no longer condense or condense 
less on the wafer and, thus, concentration of the lower solubility chemicals on the wafer 
is reduced in anticipation of finishing the fourth process step 208. 

in a second alternative timeline of the present invention, a second rinse is 
performed after performing the first rinse. 

Specific Embodiments 
First through seventh specific embodiments of the present invention are 
discussed below. Each of the first through seventh specific embodiments is a summary 
of a specific chemistry and a specific method employed in a lab system, similar to the 
preferred supercritical processing system 220. The lab system was used to remove the 
photoresist, or to remove the photoresist and the residue, or to remove the residue from 
test wafers. The lab system featured a combined internal volume for the pressure 
chamber 226, the circulation pump 230, and the circulation line 242 of about 1.8 liters. 
The first through seventh specific embodiments were perfomied as part of a proof-of- 
concept feasibility study intended to show feasibility of the present invention for use in 
semiconductor fabrication. Before an incorporation of the present invention in the 
semiconductor fabrication, it is envisioned that fiirther process refinements would be 
made. 
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First Specific Embodiment 
ta the lint specific embodiment were removed from an SiO, via structure 
formedmapr«:edii,gviaetchingstep.when.theetcfungstep™^^ 
alum^um etch stop. The^fie chemistry employed was as follows 2 ml of 2- 

3nd20mIofEC(asecondcomponentofthesolvent). The pressure chamber was 

mamt.nedat50»C. Thearmneandthesolventwereci^^^^ 

ps.. Two pan:a^ exhausts and one fi.II exhaust were employed between the .«noval and 

nr^stepsmwh,ch the pressure was dropped from the2.700psi to MOOpsiforthe 

agaitand the supen:nt.calcari»n dioxide were cin^ulatedforSminutes. One partial 
exhaust was perforrned prior toperformingacomplete exhaust following the rinse step. 

^ SEM photo was taken subsequent to nanoval of the photoresist and the 
r«.due m the first specific embodiment. The fi^t SEM photo showed that the 
photoresist and the residue were removed in the first specific embodiment 

Second Specific Embodiment 

^»»»'='«^»"dspecificembodiment,theresidue.includi„gthephotoresist 
r.s.due and the etch r^idue. was removed fiom a metal line struouxe formed in a 

Z ' IT "'^''"^ «ep ended upon readung an oxide 

tch stop. (The test wafer forthe second specific embodiment was provided courtesyof 

piT^r.^'''"''''-^ TT'^P-ificchemistryemployedwasas follows: LSnJof 
P2FrA(the3mine).7.5mIofNN^^ 

ac«ylaceto„e(thcsecondcomponentofthesoWent). The pressure chamber was 
mamJamedat50.C TTrean^eandthesolvemwerecirc^^ 

PS.. One partral exhaust and o«:firIl exhaust wereemployed between theremov^ 
thennsesieps. The rinse agent for the rinse step was 20 ml ofan 80% ethanol and 20% 
watermmure. by volume. Therinse agent and the supercritical carbon dioxide were 
crculated for 1 minute. A complete exhaust was performed following the rinse step 
A second SEM photo was taken prior to removal of the residue in the second 
^«,fic embodjment TT,e sepond SEM ph«o showed the residue on sidewalls of metal 
l«es shc,wedsbr.s of theresidueprotnuUngabove the metal lines, and showed 
residue remaining on tops ofthemetal lines. Thirda^i fourth SEMphotoswer^taken 

for^SEMphotosshowedthattheresiduewasremovedinthesecondspecific 
embodiment 
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In the third specific embodiment, the photoresist was removed fifom a wafi^ 
following a medium dose ion implant. The specific chemistiy employed was as 
follows: O.IS ml of 24 % by volimie aqueous ammonium fluoride (the aqueous 
fluoride), 20 ml of BLO (the first component of the solvent), 20 ml of DMSO (the 
second component of the solvent), 0. 15 ml of glacial acetic acid (a third component of 
the solvent), and 1 ml of additional water. The pressure chamber was maintained at 70 
"C. The aqueous fluoride and the solvent were circulated for 2 minutes at 1,250 psi 
after which the pressure chamber was pressurized to 2,800 psi. Two partial exhausts 
and one full exhaust were employed between the removal and rinse steps in which the 
pressure was dropped bom the 2,700 psi to 1,100 psi for the partial exhausts and the 
pressure was dropped fipom 2,700 psi to atmospheric pressure in the full exhaust. The 
rinse agent for the rinse step was 20 ml of a mixture of 80% ethanol and 20% water. 
The rinse agent and the supercritical carbon dioxide were circulated for 1 minute. One 
partial exhaust was performed prior to perfomiing a complete exhaust following the 
rinse step. 

Before and alter XPS (x-ray photoelectron spectroscopy) tests demonstrated that 
the photoresist was removed in the third specific embodiment. 

Fourth Specific Embodiment 
In the fourth specific embodiment, the photoresist was removed fiom a wafer 
following a high dose ion implant The specific chemistry employed was as follows: 
0.22 ml of 24 % by volume aqueous ammonium fluoride (the aqueous fluoride), 20 ml 
of DMSO (a first component of the solvent), 20 ml of EC (a second component of the 
solvent), and 2 ml of the additional water. The pressure chamber was maintained at 70 
''C. The aqueous fluoride and the solvent were circulated for 2 minutes at 2,800 psi. 
Two partial exhausts and one full exhaust were employed between the removal and 
rinse steps in which the pressure was dropped firom the 2,700 psi to 1,100 psi for the 
partial exhausts and the pressure was dropped fiom 2,700 psi to atmospheric pressure in 
the full exhaust The rinse agoit for the rinse step was 20 ml of a mixture of 80% 
ethanol and 20% water. The rinse agent and the supercritical carbon dioxide were 
circulated for 1 mmute. One partial exhaust was perfomtied prior to performing a 
complete exhaust following the rinse step. 

Before and after XPS tests demonsuated that the photoresist was removed in the 
fourth specific embodiment. 

Fifth Specific Embodiment 
]n the fifth specific embodiment, the photoresist was removed fiom an SiO] via 
structure formed in a preceding via etching step, where the etching step ended upon 
reaching a TiN etch stop. The specific chemistry employed was as follows: 0.15 ml of 
24 % by volume aqueous ammonium fluoride (the aqueous fluoride) and 8 ml of 
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^ .oaa water. The pressure chamber was .aiotained at 50 'C. TT,e aqueous fluoride 
andtheaddiftonal waterv,erecin:ulatedfor2min«tesat 1.500psi. Two partial 
^hausts and one full exhaust were employed between the removal step and the first 

ni^cstepmwhichthepr^sure was dropped fbm the 1.500psi to 1.050 psi for the 
parl^a exhausts and the pressure was dropped fiom 1.500 psi to atmo^heric pressure in 
the fun exhaust. TT^e rinse agent for *e first rinse step was ,2™, of Iter. Inthe J 
nnse step, the rmse agent and the supercritical carbon dioxide were circulated for 1 
mmute at 1 .500 psi following which the pressure was raised to 2,800 psi. Two partial 
exhausts and one full exhaust were employed betwe«, the first rinse step and the 
second nnsestepir, which the pressure was dropped from the 2.800^ 
thepart,alexhaustsandthepressurewasdroppedfrom2.800psitoatmospheric 
pre^urem the full exhaust. The rinse agent for the second rinse was 20 ml of 
methanol. the second rinse step, the rinse agent and the supe«:ritical carbon dioxide 
to perfoimmg a complete exhaust following the second rinse step. 

A fifth SEM photo was taken prior to removal of the photoresist in the fifth 
spccfic embodiment. The fifth SEM photo showed the photoresist above the SiO, via 
stmctureandtheXiNetchstopatabottom ofthe via. Asixth SEM photo was taken 

SEmT 'TT ^'■^'^ n>e sixth 

SEMphotoshowcdthatthephotoresistwasremovedinthefifthspecificembodu^^ 

Sixth Specific Embodiment 

strucn, i * fi-™ » SiO, via 

structure formed m a preceding via etching step. The specific chemistry employed was 

asfota: 1.5inlof24«/.byvo.umeaqueousammomumfluoride(.hlaqueor 
fluonde). and8mlofDMSO(thesolvent)and4ml of additional water. TTrepressur. 
chamber was marntained at 50 ^. TT,c aqueous fluoride, the 
w^erwerec.rculatedfor2minutesat2.800psi. On. partial exhaust and one full 
exhaustwereemployedbetweentheremovalstepandtherinsestep. Therinseaeent 
was20mlofS0o.e^oland20%water.T.erinseagentandth!s^^^^ 
d.ox.dewe«c.rculatedforlminuteat2.700psi. One partial exhausr^^ 
pnor to perfomiing acomplete exhaust following the rinse step 

2* spec>fic e„ibod.me„t The seventh SEMph^ 
removed m the sixth specific embodiment. 

Seventh Specific Embodiment 
In the seventh specific embodiment, the photoresist and the residue were 
^ovedfi^maC-SiO^damasc^^ 

•n.e specific chemistry employed was as foUows: 0. 15 ml of 24 % by volume aqueous 
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ammonium fluoride (the aqueous fluoride), 20 mi of BLO (the first component of the 
solvent), 20 ml of DMSO (the second component of the solvent). 0.15 ml of glacial 
acetic acid (the third component of the solvent), and I ml of additional water. The 
pressure chamber was maintained at 70 °C. The aqueous fluoride, the solvent, and the 
additional water were circulated for 2 minutes at 2,800 psi. Two partial exhausts and 
one full exhaust were employed between the removal step and the rinse step. The rinse 
agent for the rinse step was 20 ml of 50 % ethanol and 50% water. The rinse agent and 
the supercritical carbon dioxide were circulated for 1 minute at 2 JOO psi. One partial 
exhaust was performed prior to performing a complete exhaust following the rinse step. 

An eighth SEM photo was taken subsequent to removal of the photoresist and 
residue in the seventh specific embodiment. The eighth SEM photo showed that the 
photoresist and the residue were removed in the seventh specific embodiment 

It will be readily apparent to one skilled in the ait that other various 
modifications may be made to the preferred embodiment without departing from the 
spirit and scope of the invention as defined by the appended claims. 
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2. 



5. 



b. 



CLAIMS 

A method of processing a substrate comprising the steps of: 

maintaining supercritical carbon dioxide and an aqueous fluoride 
m contact with the substrate, the substrate having a silicon dioxide 
surface which supports a material selected from the group consisting of 
photoresist, photoresist residue, etch residue, and a combination thereof, 
such that the aqueous fluoride undercuts the siUcon daoxide surface fiom 
the material, whereby the material becomes undercut material; 

maintaining water and the supercritical carbon dioxide in contact 
with the undercut material such that the undercut material separates fi^m 
the silicon dioxide surface, whereby the undercut material becomes 
separated material; and 

c- removing the separated material from the vicinity of the 

substrate. 

The method of claim 1 wherein the aqueous fluoride is selected from the 

groupconsistingofaqueousammoniumfluoridchydrofluoricacid anda 
mixture thereof. ' 



TTie method of claim 2 wherein the aqueous fluoride is the aqueous 
ammonium fluoride. 



The method of claim 1 wherein the step of removing the separated 
matenal from the vicinity of thesubstrate comprises flowing supercritical 
caibon dioxide over the substrate. 

The method of claim I fiuther comprising the step of at least partially 
dissolvmg the undercut material using a solvent 

The method of claim 5 wherein the solvent is selected from the group 
consisting of BLO. DMSO. acetic acid, EC, DMAC. NMP, and a mixture 
Ihereof. 



Themethodofclaim6wherein the solvent is selected from the group 
consisting of the BLO. the DMSO. the acetic acid, the EC. and a mixture 
thereof. 



The method of claim 7 wherein the solvent is the BLO. 
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1 9. The method of claim 1 further comprising the step of at least partially 

2 dissolving the separated material using a solvent. 

1 1 0. The method of claim 9 wherein the solvent is selected from the group 

2 consisting of BLO, DMSO, acetic acid, EC, DMAC, NMP, and a mixture 

3 thereof. 

1 11. The method of claim 1 0 wherein the solvent is selected from the group 

2 consisting of the BLO, the DMSO, the acetic acid, the EC, and a mixture 

3 thereof. 

1 1 2. The method of claim 1 1 wherein the solvent is the BLO. 

1 13. The method of claim 1 further comprising the step of rinsing the 

2 subsuate in the supercritical carbon dioxide and a rinse agent 

I 14. The method of claim 13 wherein the rinse agent comprises water. 

I IS. The method of claim 13 wherein the rinse agent comprises alcohol. 

1 16. The method of claim IS wherein the alcohol comprises edianol. 

1 17. The method of claim 1 3 wherein the rinse agent comprises acetone. 

1 18. The method of claim 1 wherein the substrate comprises a low dielectric 

2 constant material. 

1 1 9. The method of claim 1 8 wherein the low dielectric constant material 

2 comprises a spin-on polymer. 

1 20. The method of claim 1 8 wherein the low dielectric constant material 

2 comprises a C-SiOj material. 

1 21. A method of removing a material from a silicon dioxide surface, the 

2 material selected bom the group consisting of photoresist, photoresist residue, 

3 etch residue, and a combination thereof, the method comprising the steps of: 

4 a. maintaining supercritical carbon dioxide and an aqueous fluoride 

5 in contact with the material and the silicon dioxide surface such that the 

6 aqueous fluoride undercuts the silicon dioxide surface from the material; 
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b. 



b. maintaining water and the supercritical carbon dioxide in contact 

with the material such that the material separates from the silicon 
dioxide surface; and 

removingthe material fiomthevicinity of the silicon dioxide 
surface. 

A method of processing a substrate comprising the steps of: 

maintaimng supercritical carbon dioxide, an amine, and a solvent 
.n contact with a material on a surface of the substrate, the material 
selected from the group consisting of a photoresist, a photoresist residue, 
an etch residue, and a combination thereof, such that the amine and die 
solventat least partially dissolve the material; and 

removing the material from the vicinity of the substrate. 

The method of claim 22 wherein the amine comprises a secondary 

TTie method of claim 22 wherein the amine comprises a tertia^ amine. 

TTie method of claim 24 wherein the tettiaty amine is selected from the 
group consisting of 2-methyl amino elhanol. PMDETA. triethanol amine. 

tnethyl amine, and a mixture thereof. 

The method of claim 25 wherein the amine is selected from the group 
consisting of 2-methyl amino ethanol, the PMDETA. the triethanol amine, and a 
mixture thereof. 

The method of claim 22 wherein the solvent is selected from the group 
consistmg of DMSO. EC. NMP. acetyl acetone. BLO. acetic acid, DMAC PC 
and a mixture thereof. ' 

Th«'»««»dofclaim22whereintheamineisselectedfromthegroup 

consisting ofasecondaiyamincatertiary amine, di-isopropylamme tri- 
isopropyl amine, diglycol amine, and a mixture thereof. 

T^eincthodofclaim22fiirthercomprisingthestepofrinsinglhe 
substrate in the supercritical carbon dioxide and a rinse agent 



The method of claim 29 wherein the rinse agent 



conqirises water. 
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1 31. The method of claim 29 wherein the rinse agent comprises alcohol. 

1 32. The method of claim 31 wherein the alcohol comprises ethanol. 

1 33. The method of claim 29 wherein the rinse agent comprises acetone. 

1 34. A method of processing a substrate having a material on a surface of the 

2 substrate, the material selected from the group consisting of a photoresist, a 

3 photoresist residue, an etch residue, and a combination thereof, the method 

4 comprising the sicps of: 

5 a. maintaining supercritical carbon dioxide, an amine, and a solvent 

6 in contact with the material such that the amine and the solvent at least 

7 partially dissolve the material; and 

8 b. removing the material fiom the vicinity of the substrate. 

1 35. A method of processing a substrate comprising the steps of: 

2 a. maintaining supercritical carbon dioxide, a tertiary amine, and a 

3 solvent in contact with a material on a surface of the substrate, the 

4 material selected from the group consisting of a photoresist, a 

5 photoresist residue, an etch residue, and a combination thereof, such that 

6 the material is at least partially dissolved; and 

7 b. removing the material fiom the vicinity of the substrate. 
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